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PREPARATION OF MAMMALIAN SKELETONS.
BY BERTRAM G. SMITH.
University of Michigan, Ann Arbor.
The preparation of mammalian skeletons by a person without
experience usually involves a considerable loss of time and ma-
terial before the precise mode of procedure adapted to secure the
best results can be determined. Most text-books on the anatomy
of the cat give brief general directions for preparing skeletons,
but much is left to be learned by experience. It is hoped that
by the use of the following detailed directions a successful
preparation can be easily and quickly made at the first attempt.
If carried on in the manner indicated, the work is devoid of all
"disagreeable features. The cat is chosen as an example, but the
methods given, with slight modifications, will apply equally well
to almost any other mammal.
Unless the operator is already quite familiar with the anatomy
of the bones, he should consult in connection with his work the
illustrations and descriptions in some good work on the anatomy
of the cat, such as Jaynes’ Mammalian Anatomy, Reighard and
Jennings’ Anatomy of the Cat, or Wilder and Gage’s Anatomical
Technology.
,,1. Preparations required. Each student should have for in-
dividual use a set of bones as follows:
(a) One complete skeleton with all the bones disarticulated
except the hyoid, sternum, and the bones of the hand and foot of
one side.
(b) One articulated skull.
There should also be provided for class use at least one natural
skeleton (i. e., a skeleton prepared without disarticulating the
bones, or with the bones wired together in the natural position).
The cartilaginous parts would, as far as possible, be retained.
In addition it is well to prepare several trunk skeletonsarticu-
lated vertebral columns with attached pelvis, ribs and their car-
tilages, and the sternum.
A few skeletons of young kittens should be prepared to show
the incomplete development of some of the bones at this stage
particularly bones that develop from several centers, as the in-
nominate bones, humerus, femur, etc. The skulls should be ar-
ticulated to show sutures, for which purpose they serve espe-
cially well; the bones of the hand and foot, at least, should also
be prepared articulated.
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2. Selection of Specimens. For most purposes cats just old
enough to be full grown are bestfrom one to three years old.
In kittens many of the bones are not shown in the completely
developed state, and the epiphyses are likely to separate from the
diaphyses; consequently such specimens are not good for general
purposes. When the kittens are at least half-grown, their skulls
do very well for disarticulated preparations; the bones are very
easily taken apart, but are not so strong and durable as those of
older specimens. The ear ossicles are well developed in kittens,
and are easier to. extract without injury from a young than from
an old specimen.
On the other hand, cats may be too old to be desirable. Aged
cats (i. e., those from 6 to 8 years old) often have exostes, or
abnormal growths, on their bones. Moreover, the sutures of
some portions of the skull may be entirely obliterated, making it
impossible to trace them in the articulated skull, and impracti-
cable to separate the bones. The sphenoid is especially likely
to be broken in such skulls. The teeth are often missing or de-
cayed. The stapes is brittle and held by tough ligaments. Old
cats require a much longer time for boiling before the flesh can
be separated from the bones.
For an articulated skeleton, a’ middle-aged specimen is to be
preferred, the larger the better.
3. -Collecting. The cat can be most conveniently carried to
the laboratory in a sack with coarse mesh to admit air. Some-
times it will be found better to kill the cat before its transporta-
tion, as a dead cat is more convenient to carry than a live one.
1
4. Killing. Chloroform should be used if the cat is killed in
the laboratory. Place the cat in an air-tight keg, jar or box no
larger than is necessary, and throw in a handful of cotton sat-
urated with 3 or 4 teaspoonfuls of chloroform; cover tightly and
hold the lid down while the animal is passing through the stage
of intoxication. The cat will be dead in about 15’ minutes. If
cats are to be killed away from the laboratory, drowning is ’a
Convenient method and free from all objections except some
slight discomfort to the cat. Place the cat in a sack and hold it
under water for a few minutes.
5. Removal of Skin. The work is more easily done soon af-
ter the animal is dead, before rigor mortis sets in. Place the ani-
mal on its back on a large dry-goods box or table; stretch the
limbs laterally at right angles to the body a.nd fasten in that po-
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sition by cords attached to the paws by slip-knots and tied to
nails driven into the box or table, one at each corner.
With a sharp scalpel make a longitudinal-incision through the
skin in the median line just posterior to the point of the chin.
Introduce a grooved director into this cut and witb the grooved
side upward push it just below the skin along the median line
toward the tail. The skin can now be easily divided by pushing
the point of the scalpel along the groove of the director. In this
manner the skin should be divided along the ventral side in the
median line until the tail is reached. Then starting at the median
line, divide trAskin of each leg in a similar manner.
In removing the skin, lift up the cut edge with the fingers of
the left hand, thus putting the superficial fasciae on the stretch
and with the scalpel held in the other hand divide the loose tis-
sue lying in the angle between the skin and the body. Remove
as much fat as possible with the skin.
In removing the skin care must be taken not to injure the
hyoid and the clavicles. The clavicles are best located and re-
moved at this time, and tied up in a piece of cheese-cloth.
After the skin has been reflected about’the anus, put the skin
on the stretch, dissect the rectum free from the surrounding pel-
vis as far as possible, and tie to prevent escape of contents of in-
testine. Cut the skin posterior to the ligature. This procedure
will assist in the later removal of the intestine, and is much bet-
ter than to tie and divide the rectum within the body cavity as
is usually directed.
It will not be necessary to remove the skin from the hands,
feet and the tip of the tail, as it will come off more readily after
boiling.
6. Removal of Viscera. Beginning at the tip of the xiphi-
sternum and extending posteriorly to the pelvis, make a longitudi-
nal incision into the body cavity. Divide the oesophagus and
trachea; avoid cutting the larynx, as the hyoid may be injured
thereby. Cut the diaphragm free from its attachment to the body
wall, insert the hand into the thoracic cavity, tear the contents
free from the thoracic walls and pull them together with the
windpipe and oesophagus backward and out through the inci-
sion in the abdomen. Separate the mesentery fastening the ab-
dominal viscera to the dorsal body wall, free the rectum from
the pelvis and pull it forward, thus removing all the viscera.
7. The Liquid Soap Method of Cleaning the Bones, This
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method, first recommended by Wilder and Gage, is best for the
preparation of skeletons from fresh material. Specimens pre-
served in formalin or alcohol are not easily prepared by this
method.
The cleaning is done by boiling the bones in a dilution of the
following mixture: ’
Distilled or rain water, 2000 c. c.
Concentrated ammonia, 150 c. c.
Potassium nitrate, 12 g.
Hard soap, 75 g.
The advantages of this method are the rapidity of the process
and freedom from the disagreeable odors attendant upon the old
maceration method. The liquid soap saponifies the fat and aids
in softening the connective tissue. The bones come out white
and free from grease. It is especially adapted for skulls, as
the teeth are much less likely to fall out than with the macer-
ation method, and the gelatinized dental periosteum, serves as a
cement, when it dries. There is no danger of blood poisoning if
fresh healthy specimens are used.
Use a porcelain or granite-ware kettle to avoid discoloring?
the bones.
8. Preparation of Set of Bones for Individual Use.
(a) Boiling and Cleaning. After skinning the cat and re-
moving the viscera and clavicles, cut away as much’ of the flesh
as is convenient with a sharp knife. Remove the head, being
careful not to injure the hyoid apparatus. Separate the
limbs from the trunk, and sever the tail from the body at the
union of the first caudal vertebra with the sacrum. Separate
the vertebrae of the Sacral and lumbar region from the thoracic
vertebrae. Fasten together the limbs of the right side, which are
to be used for articulated preparations of the hand and foot,
with a string which may be allowed to hang out over the edge
of the kettle, so that these bones may be easily removed for ex-
amination during the process of boiling. It is best to make dis-
articulated preparations of the hand and foot of the left side,
since the bones of this side are illustrated and described in great
detail in Jaynes^ Mammalian Anatomy. :
It is best to attempt only one skeleton at a time to avoid any
possibility of mixing the bones. There is no loss of time after
the first boiling.
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Place the bones in a kettle with enough liquid soap solution in
four parts water ’(i :4) to cover them. Boil just enough so
that the skin of the paws may be readily removed with the, for-
ceps. This will usually take from 20 to 40 minutes, according to
the age of the specimen. Remove the right hand and foot; the
hand should have the radius and ulna attached, and the foot may
be left joined to the tibia and fibula. As the bones will be too
hot to handle, they may be cooled by immersion in lukewarm
water. Remove the hyoid without disarticulating, by dissection
with forceps and the small blade of a dull knife. Also remove
the sternum entire, by cutting the lateral cartilages connecting it
with the ribs. Pour off the liquid from the remaining bones and
replace by an equal amount prepared in the. same way. Boil
again from one-half to three-quarters hour,, or until- the greater
part of the flesh readily comes off from the bones. Meanwhile
clean up the articulated hyoid, sternum, hand and-foot^ without
further boiling. This is best done with forceps and a small-
bladed dull knife. Care should be taken not to injure the liga-
ments of the joints of the bones of the hand and foot. These
will be greatly swollen, so that it will be impossible; to make a
neat looking preparation at the time it is cleaned; but the liga-
ments will shrink greatly while drying, so that the appearance
of the preparation will be greatly improved. After it is dry, any
remaining flesh or rough projections of cartilage may be re-
moved with a knife.
Take the bpnes from the kettle and by means of the hands, a
dull knife, and a nail brush, remove as much of the flesh as will
come off easily. Fasten the vertebrae on a-copper -wire without
disarticulating. Remove the ribs one by one, laying them in or-
der on a board as removed, and fasten each set together in order
With a string. Stir up the brain with a wire, taking care not
to’injure the projecting tentorium, and rinse out as much as is
convenient with hot water. If the skull is to be prepared with-
out disarticulating, remove the mandible at this time without
separating its two rami, and clean up without further ,’boiling,
If "boiled longer the mandible is likely to come apart at its sym-
physis. Wrap and tie each set of the remaining bones in cheese-
cloth and cover with a fresh solution of liquid soap. This
time it is well to make the solution strongersay one’ part of
liquid soap-to two parts water. , :: :
Boil the bones until the soft parts may readily be removed
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with a nail brush. This will usually take from one-half to three-
quarters hour. If the skull is to be prepared without disarticu-
lating, care should be taken not to boil it too much, as some of
the bones, particularly the lachrymals, nasals and malars, also
the teeth, are likely to become loose and fall out. Hence a skull
intended for this purpose should be carefully watched, and after
15-30 minutes boiling it is usually advisable to remove it from
the kettle and clean it up. The brain should be thoroughly
removed with forceps, wire, and by rinsing with hot water.
The - ear cavity should be carefully cleaned with forceps and
rinsed with water by means of a pipette, and the malleus and’in-
cus removed with delicate forceps. Keep a record of the side
from which each set of ear bones is obtained. The stapes is
best removed with a hooked pin; it is very delicate and easily
lost or crushed by careless handling. Great care is required to
avoid pushing it’ into the cavity of the internal ear; if this is
done it usually cannot be recovered.
Clean up the pelvic girdle at the same time as the skull. It is
well to leave the ossa innominata united at their symphysis, and
further boiling is likely to separate them.
The other bones should be boiled until the work of cleaning
with a brush can be carried on with the greatest ease. Time is
lost by attempting to clean them too soon. The phalanges may
be kept in order by placing each bone as soon as separated from
the rest in a box with numbered compartments.
If the bones are not entirely free from grease boil them again,
excepting the articulated preparations, in liquid soap solution
1:1 for about half an hour. Rinse them thoroughly in clean
water and place them on white paper to dry in the sun. This
will bleach’them sufficiently. The drying should be thoroughly
done.
(b) Disarticulating Skulls. Boil the skull, prepared as di-
rected ^bove, from one-half hour to an hour in, liquid soap i :i.
If the specimen is young, the bones may now be separated by
steady pulling with fingers or forceps. In the case of an older
animal, it may be necessary to fill the cranial cavity with ’peas,
beans or rice, force a cork into the foramen magnum, and soak
the skull for a few hours. This will burst apjart the .dorsal su-
tures and the process of disarticulation may then be completed
by hand. Especial care is necessary to avoid breaking the
sphenoid, the ethmoid, and the maxillo-turbinals, and to avoid
losing the lachrymals.
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(c) Cements for Bones and Teeth. Teeth that become loose
during boiling will often be found firmly fixed in place after the
skull is dry, hence only teeth that remain loose after drying need
be reset. For this purpose, use plaster of Paris. Bones that
have come apart at their symphyses may be fastened together
with liquid glue.
(d) Labeling. Assign a number to each set; this number
should be placed upon each bone or articulated preparation, and
upon each box, tray or vial containing bones of the set. In the
case of bones too small to label, as the ear ossicles, sesamoid
bones, etc., seal up the vial containing the bones; the number on
the vial will then be sufficient. All very small bones should be
kept in vials, to prevent loss or injury. The body vertebrae and
the first four caudal vertebrae may be strung in order on a wire.
The labeling of the bones with the number of the set should be
done with water-proof India ink; in case it is desired to use
numbers to indicate the order of arrangement of any of the
bones, as the ribs, vertebrae or phalanges, these numbers may be
distinguished by using red ink or Roman numerals. Vials con-
taining ear ossicles, and boxes containing tne manus or pes,
should be labeled right or left.
9. Boxes for Skeletons. The set of boxes specified below is
intended to contain a set of bones for individual use.
The outside box and trays, with covers, should be made of
heavy pasteboard, covered with black cloth and lined with paper.
Compartments of trays should be made of separate complete paste
board boxes without covers, glued in place. The boxes and trays
trays may be numbered and labeled .with white ink.
The outside measurements of trays should be adhered to;
measurements of compartments make no allowance for thickness
of material.
(a) Box to contain trays specified below. Inside dimensions
31 cm, x 17.5 cm. x 12.5 cm. Telescope cover.
(b) Three trays as follows: (i) Tray to contain bones
of disarticulated skull. See Fig. i. Outside dimensions 30 cm.
x 16.5 cm x 3 cm. The covered spaces may be used for posting
notices or records of inspection.
The ear ossicles are best kept in small vials, in the same com-
partment with the temporal bones. The lachrymals should also
be kept in a vial, and placed with some other bone. The eth-
moid may be placed in a short shell vial, or wrapped in tissue
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paper. The vomer should be left attached to the ethmoid,’ the
maxillo-turbinal to the maxillary.
(2) Tray to contain limb bones (except the larger bones,
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such as the femur, humerus, pelvic girdle, etc.). See Fig. ^.
Outside dimensions 30 cm. x 16.5 cm. x 3 cm.
(3) Tray to contain articulated skull. and remaining bones.
See Fig. 3. Outside dimensions 30 cm. x 16.5 cm. x 6 cm. The
clavicles, chevron bones, and the small vertebrae of the tip of
the tail, are best kept in vials; the articulated’hyoid may be kept
in a shell vial.
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The trays should be provided, with hinge covers, each consist-
ing of two flaps attached at the longer sides of the trays.
10. Preparation of Natural Skeletons. A skeleton held to-
gether by the natural ligaments may be prepared by boiling for
only a short time in liquid soap solution 1:4 (about one-half to
three-fourths hour, depending on the age of the specimenabout
as much as was recommended for articulated hands and feet.)
Clean up the preparation as well as possible without injuring the
ligaments, taking great care not to dislocate any of the bones by
I HyoU
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careless handling; then soak for 3 to 6 hours in a saturated
solution of sodium arseniate (about 25 per cent) to poison the
ligaments and protect them from. insects. Then arrange the
parts in a natural position and support the skeleton with wires.
When the preparation is dry and the previously swollen liga-
ments are shrunken, finish the process of cleaning by trimming
with a sharp knife.
If it is desired to have the ligaments flexible, soak the prepa-
ration, after it is partly dry, for 12 to 16 hours in a mixture of
saturated solution sodium arsenate 4 parts, and glycerine i part.
Preparations made by first disarticulating the bones of the
body, thoroughly cleaning and then wiring them together, are
troublesome to prepare and are best purchased from a dealer in
natural history supplies.
n. Preparation of Bones of Kittens. The liquid soap process
is best for this purpose, but the boiling should be carried little
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further than for the making-of a natural skeleton. Ten or fif-
teen minutes boiling is sometimes sufficient for a young kitten.
The bones must not be boiled until the epiphyses separate from
the diaphyses.
OUT-DOOR WORK BY THE PUPIL ON HIS DAILY TRIPS
TO SCHOOL.
BY D. R. ELLABARGER^,
Richmond^ Ind.
It is quite unnecessary for me to say in the beginning, that if
there is any educational value in the study of biology, it is in the
fact that it cultivates the habit of accuracy. Whether a pupil is
to become a botanist, or a book-keeper, a bank-clerk or what
not, makes no difference. The training he gets in the biological
laboratory will be of the greatest value. An accurate botanist or
zoologist will be accurate wherever he is.
But there is danger, especially when classes are large and a
teacher’s time is limited, that scientific observation be confined to
the tables of the laboratory alone. It is altogether possible for a
pupil to do good work in the laboratory, hand in good note books
and yet know but little of his daily surroundings. A pupil may
be able to describe accurately a plant laid before him on the
laboratory table and not be able .afterward to recognize the same
plant in the woods. I have had pupils who could point out the
difference between the leaves of the sugar and silver maples and
yet were not able to tell these trees apart on the street. In other
words, a pupil may be a fairly good observer of things through a
lens or microscope and yet be a poor observer out of doors.
Twenty years ago the teaching of botany in this state consisted
chiefly in plant description and identification by means principally
of the flower. That was the kind of botany-taught me. and how-
ever much it may have been condemned, yet the so called "analy-
sis of flowers" was a delightful study. I would make long jour-
neys into the woods and along lake shores and river valleys that
I might have the pleasure of finding a specimen new to me. That
was the way I taught botany and I had my pupils watch for the
first spring flowers just as the Audubon people are now doing
with the birds. Now it may be that the old way of teaching bot-
any or the old matter that was taught, was not so scientific as
more modern methods and subject matter, yet they had at least
